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SEARCH AND RESCUE 
OPERATIONS AT SEA 


NBS Model Aids Coast Guard Planning 


A mathematical model that simu- 
lates operation of the Coast Guard’s 
Search and Rescue (SAR) services 
has been developed by NBS. The 
Coast Guard can operate the model, 
which is called SARSIM (Search 
and Rescue Simulation), by com- 
puter to vary the caseload, using it 
to choose preferred locations and 
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manning of stations, the deploy- 
ments of surface ships and helicop- 
ters, and resource assignment poli- 
cies. These calculated parameters 
can then be used in the real SAR 
system to obtain the best and 
speediest service possible. This 
model will be especially valuable for 
selecting the best mix of units at 


GENERAL 
GREENE 


Coast Guard units fighting a fire at sea. The 
helicopter was used to rush firefighting and 
rescue equipment to the scene. The National 
Bureau of Standards developed a model of 
the Coast Guard’s Search and Rescue 
operation that can be operated by a 
computer to determine the best location and 
manning for the SAR stations and units. 
Photo courtesy of U.S. Coast Guard and 


Roland Rolo of the New Bedford Times. 


each station, planning the introduc- 
tion of new equipment, and deter- 
mining when changes need to be 
made in the SAR operation. 


THE SEARCH AND RESCUE SERVICE 


The Coast Guard maintains 285 
shore and air stations staffed by 
12,000 Coast Guardsmen and using 
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2,734 SAR vehicles, various kinds 
of boats and helicopters. It is 
charged with responding to calls for 
assistance originating from both the 
high seas and waters under U.S. ju- 
risdiction. These calls have mul- 
tiplied recently because of the great 
increase in recreational boating, 
and the Coast Guard must respond 
with its existing SAR equipment 
and facilities. To meet its future 
needs most effectively the Coast 
Guard asked the NBS Technical 
Analysis Division (TAD) to develop 
a model of the SAR organization 
that can be used to explore the ef- 
fects of proposed operational 
changes. 


COMPONENTS OF SARSIM 


An integrated team of NBS and 
Coast Guard personnel developed 
SARSIM model. NBS personnel 
were under the direction of Richard 
T. Penn, Jr., assisted by Project 
Leader Stephen Karp and Marcia 
Maltese. The resulting model is 
event-paced, and is designed for a 
high-speed digital computer. 

SARSIM consists of three major 
program packages, each of which 
has specific functions. The first in 
the case-processing sequence is the 
Preprocessor, or PREPRO, which 
uses a historical file of cases to 
generate, at random intervals, cases 
having the same service require- 
ments. 

The output of PREPRO is a mag- 
netic tape giving the time of origin 
and the service required for each 
case; this tape is the input for the 
central portion of the model, 
OPSIM (Operational Simulator). 
OPSIM is essentially a compu- 
terized bookkeeping system that 
logs in cases, registers their require- 
ments, investigates the availability 
of the appropriate service facilities 
(a suitably located patrol craft or 
helicopter, e.g.), assigns a facility to 
the case, times the simulated ser- 
vicing, and frees the tape giving 
details of the cases—how many, 
how long a wait, how quickly ser- 
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viced, how effectively serviced, and 
how well resources were utilized. Of 
special interest are the charac- 
teristics of cases that cannot be ser- 
viced by the SAR system, due to 
lack of specialized resources, for ex- 
ample. 


The third component of the 
model is the Postprocessor, or 
POSTPRO, which calculates 


statistics of types selected by the 
user as an expanded supplement to 
the OPSIM printout. POSTPRO’s 
Quick Query routine enables the 
user to define the class of cases that 
he wants to know more about, such 
as those requiring a tow from 
beyond a minimum distance from 
shore, for example. 


OPERATION OF SARSIM 

The modules of the SARSIM 
model function independently; a 
tape produced by PREPRO can be 
used in any number of OPSIM runs 
having different resource alloca- 
tions or assignment policies. The 
average frequency of case genera- 
tion can be varied in PREPRO, so 
that the user can simulate seasonal 
peaks or the anticipated load 
growth in years to come. The pro- 
portions of cases of different kinds 
can be changed and new case data 
can be added. 

The parameters used in OPSIM 
can be experimentally varied to 
simulate a_ wide variety of system 
changes. The capabilities of each 
vessel and aircraft can be 
varied— endurance, cost of opera- 
tion, speed, refueling requirements, 
reliability, and maintainability. The 
location and manning of stations 
and station-keeping vessels also can 
be changed experimentally. A 
tolerance time—the maximum time 
acceptable before help arrives — can 
be set by the user for each severity 
level and searching procedures can 
be altered. Policies, such as those 
controlling asking for help from an 
adjacent station, also can be selec- 
tively modified. 

The operation of OPSIM when 
demand exceeds ability to supply 


services represents a typical queu- 
ing problem in which “customers” 
enter the system for service at ran- 
dom times and each waits in line 
until he is next to be served. Some- 
times, as in other queuing situa- 
tions, priorities are established that 
assign preferential treatment to 
some cases. Generally, the desire is 
to plan the system so that waiting 
time is minimized and expensive 
facilities neither remain idle nor 
overwork their crews. 

POSTPRO offers the decision- 
maker the opportunity to look in 
detail at selected cases. It was used, 
for example, for detailed examina- 
tion of the effect on SAR services of 
closing two adjacent shore stations. 
SARSIM showed that, as an- 
ticipated, the load was shifted to the 
two stations neighboring the closed 
ones, but on an 80/20 split rather 
than the 50/50 ratio expected. Clos- 
ing the two stations did not increase 
the number of failures (to serve 
within prescribed tolerance time) by 
the two neighboring stations; in 
fact, waiting time was slightly 
reduced for the transferred load at 
the expense of longer waiting times 
for cases formerly served by these 
stations. The only additional failure 
resulting was in service of a case as- 
signed to a nearby aircraft station. 


Another application of SARSIM 
is in appraising whether a new 
resource, such as an air-cushion 
vehicle, would supplement or 
replace existing resources. One way 
of handling this is to find the rela- 
tive costs of various mixes of con- 
ventional vehicles with the new one 
that result in the same level of SAR 
service. Another approach is to 
determine the fixed-cost mixes of- 
fering minimum waiting time. 

SARSIM has been reported to be 
of continuing use to Coast Guard 
planners in configuring their 
resources, to systematically ap- 
praise the contribution of new 
resources, and to appraise the need 
for and value of new resources with 
hypothesized characteristics. 
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Detection and control of gaseous 
pollutants involve measurements at 
the parts per million (ppm) and 
parts per billion (ppb) levels. To in- 
crease accuracy of these low-level 
measurements, instruments should 
be calibrated to a known quantity or 
standard. Robert C. Paule' of the 
Bureau’s Institute for Materials 
Research, in cooperation with the 
Bureau’s Measures for Air Quality 
program, has developed a method of 
producing gas calibration mixtures 
based on an _ encapsulated 
microbubble of pollutant gas. The 
technique is practical at both the 
ppm and ppb levels. 

Basically the procedure consists 
of encapsulating, measuring, and 
storing a very small quantity of pure 
pollutant gas as a microbubble. To 
obtain the desired concentration for 
calibration purposes, the pure pollu- 
tant gas is mixed with a known 
quantity of “clean” gas in a 
separate, passivated dilution 
cylinder. As the volume, tempera- 
ture, and pressure of each gas are 
known, the ideal gas law can be ap- 
plied to determine the concentra- 
tion of the pollutant. Gas pollution 
standards are frequently required in 
a range from 10 ppb to 100 ppm with 
a usable volume of 1000 cm*; there- 
fore, the volume of pure pollutant 
necessary will vary from 10-5 to 
10-' cm*. Such volumes are con- 
veniently contained and measured 
in capillary tubing. For example, to 
produce a bubble of 10-5 cm*, a 
capillary tube with a diameter of 
0.02 cm can be used to contain a 
bubble 0.03 cm long. 

Experiments using sulfur dioxide 
as the pollutant gas, mercury as the 
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_ MICROBUBBLE BASIS FOR GAS STANDARDS 


encapsulating liquid, and nitrogen 
as the clean gas were conducted to 
test this procedure. The results 
show that the technique works and 
that essentially full SO. recovery is 
obtained. Theoretically the same 
method can be applied to any gas 
for which a nonabsorbing encapsu- 
lation liquid can be found. 

Several absorption-desorption 
factors must be given careful con- 
sideration when producing low-level 
gas standards using the encapsu- 
lated microbubble technique. Gas 
may be absorbed by the encapsulat- 
ing. liquid during storage. Raoult’s 
law can be used to judge the ex- 
pected solubility of the pollutant 
gas. For some pollutant gases it may 
be necessary to experimentally find 
an encapsulating liquid that is non- 
ideal with respect to Raoult’s law. 
The dilution cylinder should be pas- 
sivated to prevent absorption of 
gases onto its surface. A single pas- 
sivation has been found satisfactory 
for at least several weeks of experi- 
mentation with SO.,. It is recom- 
mended that the cylinder and valve 
consist only of stainless steel. 

The microbubble has been found 
to be stable over a period of many 
months. There are several ways in 
which its stability and purity can be 
checked. The length of the bubble 
can be observed as a function of 
time; the extent of condensation 
can be observed by chilling the bub- 
ble just above and just below the 
normal boiling point of the gas; the 
gas may be examined visually or 
spectroscopically. 

Currently, permeation tubes are 
the principal means for calibrating 
gas-flow instruments. Although 


the tubes overpower any 
absorption-desportion effects occur- 
ring within the inlet and measure- 
ment system, they have several dis- 
advantages. Because of their tem- 
perature sensitivity, thermostating 
is required and a period of several 
hours is needed for the establish- 
ment of steady-state flow condi- 
tions. Practical usage has been 
limited to easily condensable gases. 
Production of the low-level standard 
based on the — encapsulated 
microbubble technique is suggested 
as an alternate method. 

' Paule, R. C., A low level gas pollution standard, 
Analytical Chemistry 44, No. 8 (July 1972) 


2 $02 permeation tubes, SRM 1625, have been cer 
tified and may be purchased from the Office of Stan 
dard Reference Materials, National Bureau of Stan 
dards, Washington, D.C. 20234 


Dr. Robert Paule lowers an evacuated 
capillary tube into a pool of mercury, a 
preliminary step in the production of an 
encapsulated microbubble of SO2. The valved 
cylinder in the background will be used to 
dilute the microbubble to produce a low-level 
gas calibration mixture. 
































A high-purity iron alloy ingot con- 
taining 1.2 percent carbon...a series 
of 200-mesh lead-indium 
ders...a homogeneous magnesium- 


pow- 


zinc ingot...such unusual requests 
have become routine to the Alloy 
Preparation Laboratory at NBS. 
Special often 
required for Bureau projects aimed 


materials are 


at the development and improve- 
ment of national standards of meas- 
urement and the determination of 
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Coaxial power lines leading to a silver boat 
setup are tightened by Frank Biancaniello. 
This technique permits induction melting of 
a metal or alloy without refractory 
contamination. An indented silver water- 
cooled tube is the container. 
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physical constants and properties of 
materials. Also, precise knowledge 
of a material's history may be essen- 
tial to a particular investigation and 
this information is frequently 
lacking on off-the-shelf items. The 


Bureau’s laboratory supplies 


specimens in many shapes and 
compositions; metallurgist David 
Fickle and Frank Biancaniello, 


laboratory technician, provide 
detailed information on the original 
purity of the constituents, melting 
and freezing conditions, degree of 
cold working. plus 
time and temperatures. 
Normal alloy samples are rela- 
tively small, weighing only a few 
grams. Recently, however. equip- 
ment was installed for melting and 
pouring, under vacuum conditions, 
alloys equal in volume to 50 pounds 
of steel. This equipment is currently 
being used to pour test ingots of 
high-carbon steel for a project in the 
Standard Reference Materials Pro- 
gram. Other equipment includes: a 
tungsten-electrode — are 


heat-treating 


furnace, 
levitation melting furnace, electron- 
beam zone refiner, electron-beam 
button melter, electron-beam 
evaporator, various induction and 
resistance melting and casting fur- 
naces, and associated equipment 
such as vacuum pumping stations, 


ALLOY PREPARATION LABORATORY 


gas purifiers. a leak detector, and 
residual-gas analyzer. The speci- 
men preparation laboratory also 
maintains heat-treating furnaces 
and mechanical working equip- 
ment for rolling, swaging, and 
drawing. 

Requests for specimens vary de- 
pending on the problem under in- 
vestigation. Recently an iron alloy 
of 1.2 percent carbon content was 
required for the Standards 
Reference Materials Program. In 
commercial manufacture of steel, 
small amounts of aluminum, titani- 
um, manganese or silicon are com- 
monly used to reduce the “carbon 
boil” that eccurs as carbon deox- 
idizes the molten iron, and to 
facilitate casting. The Bureau's 
laboratory was able to produce the 
desired alloy using only electrolytic 
iron and high-purity graphite. The 
electrolytic iron was melted in a 
vacuum-induction melting and cast- 
ing furnace; the carbon was then 
added under very carefully con- 
trolled conditions to minimize the 
carbon boil. A 25-pound chill-cast 
ingot, carboh content assayed at 
1.194 +0.004, was produced. 

An alloy of MgZno was required 
for some corrosion studies. Because 
the metals have widely separated 


specific gravities and melting 
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points, a homogeneous ingot of this 
alloy is difficult to produce. Two in- 
gots were made by induction heat- 
ing of the magnesium in a graphite 
crucible under a titanium-gettered 
atmosphere. A fine zinc wire was 
melted into the magnesium. The in- 
gots were then combined and given 
two passes in a zone refiner to 
further improve homogeneity. The 
lattice parameter of the final ingot, 
when examined by x-ray diffraction, 
was shown to be 10 times more ac- 
curate than values reported in the 
literature. 
Special handling techniques were 
required in the production of a se- 
ries of 200-mesh lead-indium pow- 
ders necessary for investigative 
nuclear magnetic resonance work. 
Particular procedures were needed 
to process such soft materials; filing 
only compounded the problem by 
contaminating the alloy. The alloys 
were first prepared under argon in 
heat-resistant glass capsules. The 
capsules were then opened in- 
dividually and the alloy remelted in 
an oil bath. The molten alloy was 
poured into a second hot oil bath in 
which a homogenizer was operating. 
After 30 seconds of operation the 
homogenizer was removed and the 
bath was allowed to cool below the 
melting point of the alloy. The 
powder was then washed through a 
200-mesh sieve using hexane to 
dilute the oil. After several extrac- 
tions with hexane, a free-flowing 
200-mesh powder was produced. 
The purity of alloys produced by 
such techniques and quality work- 
manship enables scientists to con- 
duct basic research at levels of 
precision that would otherwise be 
unattainable. 


Using an optical pyrometer, David Fickle 
checks the temperature of a molten alloy in 
the Laboratory's vacuum-induction melting 
and casting furnace to see if it is ready for 
pouring. Ingots of alloys equal in volume to 
50 pounds of steel can be handled in this 
furnace. 
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The NSRDS was established to make 
critically evaluated data in the 
physical sciences available to 
science and technology on a na- 
tional basis. The NSRDS is ad- 
ministered and coordinated by the 
NBS Office of Standard Reference 
Data. 


ESTABLISHMENT OF A DATA 
CENTER ON SPECTRAL LINE SHAPES 
AND SHIFTS 


A new Data Center specializing in 
Spectral Line Shapes and Shifts has 
been established in the Optical 
Physics Division of the Bureau. The 
professional staff of the center in- 
cludes Dr. W. L. Wiese, Dr. L. J. 
Roszman, and J. R. Fuhr. 

The two main cbjectives of the 
center are: (1) the collection and 
cataloging of all literature relevant 
to the broadening and shift of 
atomic spectral lines; and (2) the 
preparation and _ publishing of 
bibliographies and critical reviews 
of various topics in atomic line 
broadening. 

All line-broadening literature 
from 1889 to the present has been 


collected through _—_ exhaustive 
searches of several title and ab- 
stracting journals and of the 


references contained in each article 
discovered. A reprint or copy of 
each article has been cataloged and 
filed according to a general index- 
ing system based upon the type of 


broadening mechanism. Papers 
containing numerical data are 
184 


further cataloged as to element and 
ionization stage. The collection is 
being maintained and kept up to 
date by constant monitoring of the 
current literature through several 
title and abstracting journals. The 
files contain over 1,400 articles at 
present. 

The center is preparing a bibliog- 
raphy on atomic line shapes and 
shifts which will be published in the 
near future.' This bibliography will 
be updated by issuing supplements 
periodically as the volume of new 
literature warrants. Also, a critical 
review on the present status of 
the hydrogen Stark-broadening 
problem is in the planning stage. 
Future plans include other critical 
reviews of well-defined topics in 
atomic line broadening and the 
compilation and critica! evaluation 
of line-broadening data. 


NSRDS PUBLICATIONS LIST 


The Office of Standard 
Reference Data has issued a 
Publications List as of January 
1972, which provides a current 


listing of the various publications 
from the NSRDS program. Listed 
are: those in the NSRDS se- 
ries; other NBS compilations of 
data; nondata publications from 
NSRDS-related projects; publica- 
tions of the Atomic and Molecular 
Processes Information Center, Oak 
Ridge National Laboratory; publica- 
tions of the Joint Institute for 
Laboratory Astrophysics (JILA) 


Data Center, Boulder, Colo.; and 
publications of the Radiation 
Chemistry Data Center, University 
of Notre Dame. This listing may be 
obtained from: Information Ser- 
vices, Office of Standard Reference 
Data, Room 521, Administration 
Building, National Bureau of Stan- 
dards, Washington, D.C. 20234. 
Order forms for these publications 
are available. 


A MULTIPLET TABLE OF 
ASTROPHYSICAL INTEREST 
NSRDS-NBS 40, A Multiplet 


Table of Astrophysical Interest, Part 
I-Tables of Multiplets; Part II-Find- 


ing List of All Lines in the Table of 


Multiplets? ($2, SD Catalog No. 
C13.48:40) by Charlotte E. Moore, is 
a recent reissue of the Princeton 
University Observatory No. 20, 1945 
Multiplet Table. The Multiplet 
Table is still a standard reference 
source used by astrophysicists, 
physicists, chemists, and many 
others, and it continues to be in 
steady demand, although it is seri- 
ously in need of revision. 

In 1959, this table was reprinted 
as National Bureau of Standards 
Technical Note 36 (PB151395), now 
out of print. In view of continuing 
requests, the Office of Standard 
Reference “Data has_ reprinted 
Technical Note 36 as NSRDS-NBS- 
40, 1971, Parts I and II. 

The leading lines in 196 atomic 
spectra of 85 chemical elements are 
listed in related groups called mul- 
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tiplets. Estimated intensities, ex- 
citation potentials, and multiplet 
designations are given for the in- 
dividual lines, and each multiplet is 
assigned a number. An extensive 
bibliography covers the source 
material used for the compilation. 

The table is presented in two 
parts: Part I includes the mul- 
tiplets, with the spectra of each ele- 
ment being given in order of in- 
creasing ionization, and _ the ele- 
ments in order of increasing atomic 
number. Part II is a Finding List in 
which all the lines in Part I are en- 
tered in order of _ increasing 
wavelength. 

The range of the table is from 
2951 A to 13164 A. A supplement- 
ary table of “Forbidden Lines” 
extends from 2972 A to 12645 A. 


BIBLIOGRAPHY ON CHEMICAL 
KINETICS IN THE C-O-S AND H-N- 
O-S SYSTEMS 


NBS Special Publication 362, 
Chemical Kinetics in the C-O-S and 
H-N-O-S_ Systems: A_ Bibliog- 


raphy— 1899 through June 1971? (70 
cents, SD Catalog No. C13.10:362) 
by Francis Westley, lists published 
papers and reports on the gas phase 
reaction kinetics data for reactions 
of cos, COS, CS, CS», CSs;, D.S, 
HS, H2S2, HSO., S, SH, SO, SO», 
SOs, SOx, So, S02, Sa, Se and Ss 
with each other and with CO, CO, 
D, De, H, H2, HxO, N, No, NO, 
N.O;, NO, NO2, NO;, NOS, O, OH, 
O., O3, R and RH. 

This bibliography lists papers and 
reports on the gas phase reaction 
kinetics in the  carbon—ox- 
ygen—sulfur, carbon—sulfur, and 
hydrogen — nitrogen — oxygen — sul- 
fur systems. The material is pre- 
sented in two formats: (1) by 
reaction, listing each pertinent 
article; and (2) in a general refer- 
ence list, arranged alphabetically 
by first author. 

The articles have been selected 
from the files of the Chemical 
Kinetics Information Center. The 
criterion for inclusion of an article 
was that it contain new information 


on the reaction. That is, simple 
quotations of the results of others 
and ad hoc guesses have been ex- 
cluded. There are gray areas, how- 
ever, such as the statement of a rate 
calculated from that of the reverse 
reaction and the equilibrium con- 
stant, or mechanistic information. 

Most of the reactions listed in this 
bibliography show a _ chemical 
change. Some of these show a 
photolytic, chemiluminescent, or 
energy-transfer process that occurs 
simultaneously with chemical 
change. In addition there are a few 
reactions that are simply collisional 
energy-transfer or photoexcitation 
processes. 

Three of critical reviews 
dealing with the above reactions are 
included; 317 papers covering 240 
reactions are listed. The period 
covered extends from 1899 through 


June 1971. 


' NBS Spec. Publ. 366, Bibliography on Atomic Line 
Shapes and Shifts, J. R. Fuhr, W. L. Wiese, and L. J 
Roszman (in press). 

* Available from the Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C 
20402, for the price indicated 
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Pressure Calibration Course Offered 


The Bureau is initiating a training 
program in the calibration and use 
of piston gages. The program will be 
introduced in the form of a 2-day 
course to be held September 26-27, 
1972, at Gaithersburg, Md. Course 
time will be equally divided 
between theoretical studies and 
laboratory demonstrations. Cost of 
the course will be $85 per person 
and will be limited to six in- 
dividuals. Additional courses will be 
held at regular intervals as the de- 
mand requires. 

The training program will be con- 
ducted by staff members of the 
Pressure and Vacuum Section of 
the NBS Heat Division, all of whom 
have been engaged for years in 
research on and calibrations of 
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piston gages, pressure transducers, 
and vacuum gages. The training 
program resulted from requests by 
several industries and the Depart- 
ment of Defense, who have a need 
for better pressure measurements. 

A tentative schedule for the 2-day 
course is as follows: 


A. Theory of piston gages. — Basic 
equations; gage types; corrections 
for elastic distortion, tempera- 
ture, air buoyancy, etc.; and 
controlled clearance gages. 

B. Calibration of controlled 
clearance piston gages. —Determi- 
nation of p.(M); and determination 
of d(M). 

C. Calibration of simple piston 


gages.—Cross float against con- 


trolled clearance gage; and cross 
float against manometers. 

D. Laboratory demonstration. — 
Procedures, setup, cleaning, ad- 


justments, fluids, and auxiliary 
instrumentation. 
E. Data accumulation and 


evaluation. — Worksheet, computer 
program, and interpretation. 

F.. Estimation of uncertainty. 

G. Laboratory demonstration. — 
Cross float. 

For information concerning the 
course call or write to: 


Dr. Peter L. M. Heydemann 
A149 Metrology Building 
National Bureau of Standards 
Washington, D.C. 20234 
(301) 921-2121 
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TRANSPORTATION IN THE 


NORTHEAST 


What plans should the Depart- 
ment of Transportation make now 
to supply high-speed ground trans- 
portation needs in the Northeast 
Corridor for the 1970’s and the 
1980’s? To answer this question for 
rail- and guideway-steered systems, 
DOT asked NBS to analyze the data 
in hand and to recommend possible 
of action. A team of 
systems analysts of the Institute for 
Applied Technology’s Technical 
Analysis Division (TAD), consisting 
of John Donaldson, Elsie Clark, 
Sung Kim, and Wayne Stiefel, ad- 
vanced a plan to meet high-speed 
ground transportation needs for the 
Corridor in the 1970’s by upgrading 
present rail service between 
Washington and Boston. For the 
1980’s and beyond they recom- 
mended consideration of — air- 
cushioned vehicles running on a 
guideway, a system currently being 
developed and _tested.' These 
recommendations and those of the 
teams working on other modes of 
transportation will be used by DOT 
in making decisions affecting trans- 
portation policy for the 1970's and 
1980's. 

The Northeast Corridor is a 500- 
mile-long strip of land along the At- 
lantic coast from southern New 
Hampshire to Norfolk, Va., consist- 


courses 
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CORRIDOR 


ing of about 2 percent of the Na- 


tion’s land and peopled by a fifth of 


its population. It is estimated that 
by 1985 the Corridor’s population 
will have increased 25 percent. This 
population growth and the ap- 
pearance of new communities will 
produce more commuting and plea- 


sure travel and an increased flow of 


commerce. To accommodate this 
growth the capacity of the travel 
modes available will have to be in- 
creased and possibly whole new 
transportation systems created. 

Anticipating the increased de- 
mands for service, the Department 
of Commerce created the Northeast 
Corridor Transportation Project 
(NECTP) in 1965 and assigned 
NBS, among others, to evaluate fu- 
ture transportation needs.2 The 
NECTP was transferred to the De- 
partment of Transportation when it 
was formed in 1967, and the reports 
from the studying agencies were 
compiled in December 1969. These 
reports analyzed various present 
and planned travel modes in the 
corridor; still needed was the for- 
mulation of a policy recommenda- 
tion by the DOT. The NBS Techni- 
cal Analysis Division was asked to 
assist in developing recommenda- 
tions for high-speed ground trans- 
portation. 


The NBS analysts first con- 
sidered the costs and effectiveness 
of several proposals for upgrading 
and augmenting present Washing- 
ton-to-Boston rail service by esti- 
mating direct operating costs (ener- 
gy, crew, and vehicle maintenance), 
indirect costs, and system invest- 
ment Next, passenger 
volumes were estimated for each 
proposed system and for use as 
reference points in estimating fu- 
ture demand. 

The evaluation of alternative 
systems was based mainly on the 
simultaneous consideration of en- 
gineering costs and_ projected 
revenues. Other relevant factors are 
present and future fares, the 
economic longevity of the system, 
and the prospect of reduced traffic 
as competing advanced systems are 
completed. All of these factors were 
considered in appraising the 
systems and in selecting the op- 
timum alternatives for use in the 
1970’s and the 1980’s. 

The level of financial support 
needed for updating an old system 
or building a new one was known in 
each case, but the problem of ob- 
taining it could not be solved. Deter- 
mining the likelihood of obtaining 
private financing would require an 
extended study of markets and in- 


costs. 
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vestment risks. Therefore it was as- 
sumed that public capital would be 
required for at least the short term 
(to 1980) improvements. 


RESULTS OF ANALYSIS 


The analysts first concluded that 


the best way of increasing rail 
capacity from Washington to 


Boston would be to upgrade the 
right-of-way and improve equip- 
ment for the existing service. Travel 
times would be expected to be ap- 
proximately 2 hours for the 
Washington-to-New York run and 2 
3/4 hours for the New York-to- 
Boston trip. Capital required would 
be approximately $290 million for 
right-of-way improvements, $70 mil- 
lion for terminal improvements, and 
$100 million for vehicle construc- 
tion. Implementing this program 
would almost immediately result in 
improved service. 

The TAD team also recom- 
mended that work should be started 
on plans for a new system, one not 
necessarily like present ones, and 
that a definite commitment be made 
by the late 1970’s. It was recom- 
mended that a system using tracked 
air-cushion vehicles be considered 
for this phase of the program. 

The NBS analysis actually covers 


* 
— 
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The Washington-New York segment of rail service for the Northeast Corridor of the United 
States is pointed out by Sung Kim to Wayne Stiefel. 


only a portion of the transportation 
considerations in the Northeast 
Corridor; NBS recommendations 
for high-speed ground transport will 
have to be consolidated by the De- 
partment of Transportation with 
those for the air and highway trans- 
portation establish 
unified goals for Corridor transpor- 
tation. This use of the systems ap- 


systems to 


example of the 
development of coordinated long- 
term plans through a Federal initia- 
tive. 


proach is an 


' Recommendations for Northeast Corridor Trans 
portation, Vol. | (Department of Transportation, Sep 
tember 1971) 


* Computer model simulates Northeast Corridor/Bu 
reau aids transportation system planners, Not. Bur 
Stand. (U.S.), Tech. News Bull. 53, No. 1, 8-9, and 20 
(1969) 





National Needs in Pressure and Temperature 


In the field of Radiometry and 
Photometry, the Bureau has 
recently taken important steps (Op- 
tical Radiation News. TNB, Oc- 
tober 1971, February and April 1972 
and page 198 of this issue) to ensure 


that our staff are aware of and 
responsive to the most pressing 


needs of the user-community. The 
Heat Division is now anxious to sur- 
vey the comparable scene in the 
fields of Pressure and Vacuum 
Measurement, and Thermometry. 
Subsequent study may or may 


August 1972 


not reveal that the best course 
to follow in each of these areas is 
entirely analogous to that devised 
for Radiometry and Photometry: 
the important thing is to make a 
start on finding out. The Heat Divi- 
sion would like to establish an ac- 
tive (and shared) dialogue with 
present and potential customers 
with the goal of recasting its current 
efforts into that mold which should 
prove most useful to the country, 


given the realities of present 
and possible funding, national 


priorities, etc. 

Interested parties are invited to 
send their thoughts on measure- 
ment and 
most 


service needs and the 
important 
development 


research and 
areas as 
them, together with their reasons, 


they see 


plus recommendations as to mech- 
anisms for exchange of informa- 
tion, ideas, and points of view, to: 
Dr. R. P. Hudson, Chief 
Heat Division 
National Bureau of Standards 
Washington, D.C. 20234. 


187 


































A new method for testing lenses 
has been developed at the Bureau. 


In this work,’ by Diana Grimes of 


the Optical Physics Division, an op- 
tical autocorrelator based on a 
modified Sagnac interferometer is 
used to measure the optical transfer 
function (OTF), or spatial frequency 
response, of an imaging system. 
OTF measurements with the NBS 


system combine the accuracy of 


focus and alignment provided by in- 
terferometric testing with a real- 


time output. The method is not 
limited in focal length, and aperture 
size is limited only by the surface 
area of the beam splitters and mir- 
rors used. The apparatus in its 
present form is theoretically capa- 
ble of testing systems with spatial 
frequency cut-offs of up to approxi- 
mately 500 mm_, (above f/3), accu- 
rate to within 2 percent. Data ob- 
tained with the autocorrelator com- 
pare very favorably with those ob- 
tained using a sine-wave bench. It 


Mi 





Schematic of the optical autocorrelator for testing lenses. The laser irradiation passes 
through pinhole A,;, beam splitter P,, and test lens L, to the Sagnac interferometer formed 
by beam splitter P, and mirrors M, and M,. A second pinhole A» intercepts the returning 


signal, which is detected by a photomultiplier. 
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IMPROVED METHOD FOR LENS TESTING 


also appears capable of testing 
higher frequency optical systems 
with better accuracy than now 
possible. 

Conventional methods of measur- 
ing the OTF generally fa | into one 
of two categories: frequency analy- 
sis of a target image of known con- 
tent; or interferometric determina- 
tion of the lens aberrations from 
which the OTF may be calculated. 
Because of the time-consuming 
computer data reduction required 
for interferometric testing, most 
commercially available OTF equip- 
ment is based on frequency analy- 
sis. These instruments use edges, 
sine waves, square waves, or slits as 
either the object or the scanning 
aperture. The ratio of the frequency 
content of the image to that of the 
object for each frequency yields the 
modulus of the transfer function 
(MTF). The phase portion of the 
OTF is usually determined by mea- 
surements of the displacements of 
the image with respect to the object. 
At lower frequencies, these instru- 
ments are adequate. However, as 
the frequency increases, the targets 


or scanning apertures become 
smaller and analysis of their 
frequency content depends’ on 


microdensitometry, which is at 
present a very inexact science. 

The new NBS technique is based 
upon a different derivation of the 
OTF, namely, the optical autocor- 
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relation of the pupil function. Per- 
fect imaging produce a 
spherical wavefront at the lens 
aperture for each point of illumina- 
tion in the object plane. The pupil 
function is the deviation of this 
wavefront from the ideal; its au- 
tocorrelation also yields the OTF. 
Although this relationship has been 
recognized analytically for some 
time, no OTF testing equipment 
had been developed in which it was 
utilized. 


lenses 


Basically, the NBS autocorrelator 
for testing lenses at infinite conju- 
of a HeNe laser, 
beam splitter, and two mirrors; the 
beam splitter and two mirrors form- 
ing a Sagnac interferometer. In 
operation, the laser irradiates a pin- 
hole placed at the focus of the test 
lens. A objective 
between the laser and pinhole is 
used as a condenser. The colli- 
mated beam emerging from the test 
lens serves as the input to the Sag- 
nac interferometer. The two beams 
from the interferometer return 
through the lens along the same 
path forming the product of the 
aperture function with _ itself. 
Another beam splitter separates the 
return beams from the source, and a 
second pinhole at the focus of the 
lens serves as the collector for the 
photomultiplier. 


gates consists 


microscope 


The system is aligned initially for 
equal paths in the two arms of the 
interferometer (zero fringe mode). 
The mirror is then moved in incre- 
ments. Displacement of the mirror 
perpendicular to its face shears the 
two arms of the interferometer in 
opposite directions, introducing a 
shift in the product of the aperture 
function with itself required for the 
autocorrelation. 

The output, in the form of 
photometric readings as a function 
of the mirror motion, is the square 
of the autocorrelation of the aper- 
ture function. If the aperture func- 
tion is the pupil function of the lens, 
the autocorrelation yields the MTF. 

The autocorrelator may also be 
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D. N. Grimes aligns the optical autocorrelator in preparation for a lens-testing experiment. 


used to evaluate photographic film, 
by determining the Wiener spec- 
trum of the grain distribution and 
spatial frequency response. In this 
operation the transparency (film) is 
placed in front of a diffraction 
limited lens, and the autocorrelation 
performed in the same manner. 

In principle, the autocorrelator 
may be adapted for measurement of 
the phase portion of the OTF as well 
as for finite conjugate testing. The 
latter is performed by the addition 


of another mirror forming the three- 
mirror version of the Sagnac inter- 
ferometer. These modifications, 
however, remain to be tested. 

At present, the system is being 
adapted for testing microscope 
systems which have short working 
distances and high-numerical aper- 
tures with high-spatial-frequency 
response. 


' Grimes, D. N., Optical autocorrelator with special 
attention to MTF measurements, App. Opt. 11, 4914 
(1972). 
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TITANIUM STUDIED 





FOR PHYSIOLOGICAL USES 


Metals are used widely and suc- 
cessfully in the surgical repair of 
broken and in other 
prosthetic devices. However, cer- 
tain material problems still exist 
that can lead to medical complica- 
tions. Titanium, because of its high 
corrosion resistance to physiologi- 
cal salt solutions, is a good implant 
material that has been used widely 
outside the United States. 

To gain a better understanding of 
the detailed corrosion and surface 
reaction of titanium in physiological 
media, Bureau metallurgists are 
studying surface reactions, surface 
films, and the metallurgical micro- 
structures of titanium materials in 
physiological solutions containing 
uric and representative 
acids. The studies were undertaken 
in an effort to apply existing techni- 


bones 


amino 


cal capabilities to some recognized 


Variation in the surface oxide film formed 
on a Ti-0.2Pd specimen after 
electropolishing and sterilization as 
observed in the transmission electron 
microscope. The inserted electron diffraction 
patterns show the two types of oxide found; a 
smooth TiO film covers part of the surface 
and more visible, rougher patches of TiOs 
(anatase) are observed on other parts of the 
surface. 






implant material problems. Specifi- 
cally, transmission electron micros- 
copy and electrochemical tech- 
niques, developed for other metal- 
lurgical investigations, were used in 
this study. 

Specimens of pure titanium, 
titanium-6 percent aluminum-4 per- 
cent vanadium, and titanium-0.2 
percent palladium 
tested in 
1 


alloys were 
physiological 
solutions.' These included unbuff- 
ered saline solution, Hanks’ buff- 
ered physiological solution, and 
Hanks’ solution with individual ad- 
ditions of uric acid and the amino 


several 


acids, glycine, cysteine, cystine, 
and tryptophan. Most test specimen 
surfaces were prepared by elec- 
tropolishing. However. some were 
mechanically polished and others 
were sterilized after electropolish- 
ing to examine the effects of various 
initial surface treatments. 

Titanium 
corrosion 


its excellent 
through the 
formation of a protective oxide film, 
TiO,. Previous electron microscope 
and electron diffraction studies by 
NBS metallurgists showed that film 
roughness and crystallinity depend 


achieves 
resistance 


on alloy composition and exposure 
conditions." Electron microscope 
techniques are capable of monitor- 


19} 








ing the oxide film formation and can 
be used to evaluate surface treat- 
ment 
electron 


Transmission 

offers the 
further advantage of viewing the 
metal microstructure and surface 
oxide film simultaneously as_ the 


procedures. 
microscopy 


electron beam passes through a thin 
foil specimen. 

Thus far, results of the study 
that titanium is only very 
slowly attacked by the physiological 
saline solutions and the amino acids 
tested. It was also found that steam 
sterilization causes variations in the 
initial films on the 
specimens. The samples underwent 
a 15-minute steam sterilization in an 
autoclave at 120 °C and 15 psi (0.10 
MN/m?). Variation in the surface 
oxide film examined in the 
transmission electron microscope. 
Electron diffraction patterns 
showed two types of oxide had 
formed; a smooth TiO film covered 
part of the surface and more visible, 
rougher patches of TiO, (anatase) 
were observed on other parts of the 
surface. 

Electrical 


show 


surface 


was 


measurements were 


conducted during the exposure of 


certain specimens to several of the 
solutions. Alterations in the oxide 
film 
the film can be monitored by meas- 
uring electrode 


formation or deterioration of 


time. Typical potential-time curves 
rise in the positive direction as the 
film forms, and then level off, in- 
dicating that the main surface films 
for that environment have formed. 
Current-potential measurements on 
the Ti-6Al-4V made under 
potentiostatic control show higher 
polarization currents in unbuffered 
solutions than in buffered solutions. 
Changes in the solution pH can 
produce compositional variations in 
the protective surface films formed 
on the titanium.® Therefore, Hanks’ 
solution was used in most of the 


alloy 


testing in an attempt to simulate 
partially the body 
Electrochemical 
cysteine 


environment. 
measurements in 
difficult 
because of the potential drift in the 
positive direction. These measure- 


solutions were 


ments also were sensitive to solu- 
tion agitation. Cysteine additions 
lowered the pH of Hanks’ solution 
into the acid region. 


Titanium appears to have a 
strong corrosion’ resistance to 


physiological saline solutions and 
certain amino acids. Pure titanium 
seems to be less affected by certain 
surface and sterilization treatments 
than the alloys, Ti-6Al-4V and Ti- 
0.2Pd. The alloy, Ti-0.2Pd, appears 
more susceptible to surface treat- 
ment changes and solution varia- 


tions are shown to be important for 
use in appropriate corrosion testing 
of titanium implant materials. 
Steam sterilization may produce a 
nonuniform oxide surface on titani- 
um materials and should be care- 
fully controlled. 

Further efforts will concentrate 
on problems associated with the 
phenomena of crevice corrosion in 
these titanium alloys. This type of 
attack occurs where geometric 
restrictions limit the access of the 
solution to the metal. In the cases of 
implants this can occur in holes in a 
plate or in the threads of a fastening 
screw. Such restrictions can cause 
the oxygen content in the solution to 
be depleted, effectively reducing 
the formation rate of the protective 
oxide film. In addition. local pH 
reductions can occur, producing a 
more aggressive corroding solution. 
A suitably designed specimen con- 
figuration will be used to test vari- 
ous alloys in physiological saline 
solutions. 


' Fraker, A. C., Ruff, A. W., and Yeager, M. P., Corro- 
sion of in physiological solutions, 
Proceedings of 2d International Conference on Titani 
um, Boston, 1972 


titanium alloys 


* Fraker, A. C., and Ruff, A. W., Studies of oxide film 
formation on titanium alloys in saline water, Corrosion 
Science 11, 763-765 (Oct. 1971) 


 Fraker, A. C., and Ruff, A. W., The effect of solution 
PH on the saline water corrosion of titanium alloys, 
Proceedings of 2d International Conference on Titani 











potential versus bles than Ti-6Al-4V. Buffered solu- um, Boston, 1972 
Open circuit potentials measured in Hanks’ solution at 4 °C for different electropolished 
alloys: (a) Ti, (b) Ti-6Al-AV, (c) Ti-0.2Pd. 
10 20 30 180 
time (days) 
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OFFICE OF HOUSING TECHNOLOGY ESTABLISHED 


To help solve the complex 
problems associated with the Na- 
tion’s chronic housing shortage, the 
Bureau has established an Office of 
Housing Technology within the 
Building Research Division. The 
new Office is intended to bring a 
broad-ranging interdisciplinary ap- 
proach to solutions of housing 
problems. This approach proved ef- 
fective when NBS provided techni- 
cal support to the Department of 
Housing and Urban Development in 
connection with Operation 
Breakthrough, an attempt to in- 
crease the supply of housing by 
reducing constraints on industrial- 
ized production. 

Dr. E. O. Pfrang, longtime 
researcher in the field of building 
technology, has been appointed 
Chief of the Office. James G. Gross 
will serve as Deputy Chief. Joseph 
Greenberg will coordinate Advance 
Planning and Control. 

Advances in building technology 
and the need for greater response to 
user needs require more intensive 
application of the skills of many 
disciplines in solving today’s com- 
plex building problems. The Office 
of Housing Technology was 
established to coordinate and apply 
effectively the diverse mul- 
tidiscipline expertise of the NBS 
Building Research Division, other 
members of the NBS staff, and con- 
sultants from outside the Bureau to 
provide improved — technological 
basis for better housing. 

The Office will manage projects 
which are directly responsive to the 
housing research and _ technology 
needs of NBS, HUD. and other 
Federal agencies with interests in 
housing, and indirectly responsive 
to the housing industry, and the 


August 1972 


consumer. It will develop advanced 
concepts for new areas of research 
and bring these concepts to maturi- 
ty. The Office will maintain a close 
liaison with the housing community 
to disseminate research results and 
obtain feedback data on innovative 
methods and materials. The Office 
will also provide coordination 
among various NBS projects under- 
way in the area of housing technolo- 
gy to assure that the overall goals of 
NBS and sponsoring agencies are 
continually aligned. Part of the Of- 
fice’s responsibility will be to assure 
that important research areas are 
covered and to avoid redundancy in 
project selection. In short, it will 
coordinate and manage all NBS 
work in the area of housing 
technology. 

Several projects are currently 
being carried out by the Housing 
Technology Office. One is Project 
FEEDBACK, which is an attempt to 
evaluate the user’s reaction to in- 
novative materials and methods 
used in Operation Breakthrough. In 
addition to field studies, building 
occupants will be interviewed to ob- 
tain their views of Breakthrough 
housing to determine if the housing 
is meeting user requirements. 

Another project underway is a 
pilot study of the performance of a 
total energy system at the Jersey 
City Breakthrough site. In_ this 
system all electrical energy is 
generated on site and waste heat is 
recovered for use in space heating, 
cooling, and hot-water heating. The 
goal of the total energy concept is to 
decrease fuel usage in providing 
utilities, to provide increased 
reliability of services, and to im- 
prove control of noise and pollution. 

A problem also being attacked by 


the Housing Technology team deals 
with the hazards of lead-based 
paints to children. This work is 
aimed at determining the nature 
and extent of the problem and 
identifying and evaluating methods 
for the detection and elimination of 
the hazard. Currently in progress is 
a paint-sampling plan in which 
approximately 400 representative 
samples collected over the country 
are being analyzed for lead and 
other potentially hazardous metals. 
Other work is progressing on 
smoke and flame spread, founda- 
tions, piping materials, thermal per- 
formance of whole buildings, design 
criteria for air conditioning, ac- 
celerated aging of building com- 
ponents, and 
studies. 
Establishment of the Housing 
Technology Office grew out of ac- 
tivities promulgated by a Secretary- 
to-Secretary Agreement signed by 
the Secretary of HUD and the 
Secretary of Commerce appointing 
NBS as the technical and research 
arm of HUD. From first preparing 
performance-based criteria _ for 
Operation Breakthrough the hous- 
ing technology program evolved into 
a testing and evaluation program for 
22 housing-system producers and 
was later expanded to provide sup- 
port in the areas of quality control, 


housing economics 


production planning, transportation 
planning, and costing. These activi- 
ties subsequently led to an even 
more comprehensive program with 
the establishment of the ongoing 
long-term research projects. The 
successful mode of operation 
demonstrated on these projects led 
to the formalization of the inter- 
disciplinary management group into 
the Office of Housing Technology. 
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A new study for the Department 
of Justice’s Law Enforcement 
Assistance Administration (LEAA) 
and the Federal Judicial Center 
may help clear the case logjam in 
U.S. courts. The study’s findings 


can be used by the courts in 


evaluating alternative methods of 


producing court transcripts, includ- 
ing a new computerized stenotype 
translation system. 





























Walter Leight edits a computer-printed 
transcript of court proceedings. The changes 
can be encoded on punched cards and 
entered into a computer that will print out 
the corrected transcript. 
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The Nation’s court system has 
such a backlog that many cases wait 
over a year before being heard. One 
of the factors in this unfortunate 
situation is the requirement of most 
courts that a_ record of | its 
proceedings be available. Behind- 
the-scenes work to prepare tran- 
scripts requires the labor of many 


skilled workers who are increas- 
ingly highly paid and in short 
supply. 

A project team headed by Ernest 
Short studied the efficiency of 
present and proposed means of 
producing transcripts of court 


proceedings for LEAA and the Judi- 
cial Center.' The NBS team recom- 
mends that each court analyze its 
requirements for transcripts and ex- 
amine alternative methods of meet- 
ing its needs. But a_ new 
method — computer-aided transcrip- 
tion of stenotype notes—is recom- 
mended for consideration by ju- 
risdictions having a large volume or 
backlog of transcripts. 


TRANSCRIPTS OF COURT 
PROCEEDINGS 


Most courts are required to keep 
records of all of their sessions. The 
“verbatim” notes of each day’s 
proceedings must be available in 
the event that the reporter is asked 
to read back earlier 
Typewritten 


testimony. 


transcripts are 





COURT REPORTING SYSTEMS COMPARED 


prepared for cases that are ap- 
pealed. In some jurisdictions delays 
of 6 months to a year are not 
unusual. 

The Department of Justice is in- 
terested in court reporting systems 
for two reasons. First, the time 
needed to prepare transcripts can 
contribute to delay of the judicial 
process and, second, it is becoming 
increasingly difficult to find 
qualified reporters for court ses- 
sions that cannot be held without 
them. 

A court reporter is an intensely 
trained and highly skilled in- 
dividual. The prospect of reducing 
the time the reporter must spend 
out-of-court to produce transcripts 
stimulated LEAA to ask the Bureau 
to evaluate recording systems and 
to make recommendations for 
speeding transcription preparation. 


RECORDING AND TRANSCRIBING 
METHODS 


A major part of the NBS study 
consisted of evaluating present and 
proposed recording and transcrib- 
ing methods. At one time all court 
records were manually written in 
shorthand Gregg or Pitman) to be 
transcribed into typewritten form. 
Major shortcomings of this method 
are that a high degree of skill is 
required of the reporter, that he 
must transcribe his 


notes im- 
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mediately to be helped by personal 
recollection, and that usually only 
he can read his shorthand notes. 
| Transcribing practice varies widely 
| from jurisdiction to jurisdiction; 

some insist on clean copy as soon as 





whereas others may 
produce only those transcripts that 


have been specifically requested. 


possible, 


Today many court reporters use 
stenotypy, in which they type 
alphabetical and numerical charac- 
ters, combinations of which are as- 
signed 


meanings— phonetic _ ele- 


ments, a common word, or even a 


| phrase. This type of shorthand is 


printed on a paper tape by a 23- 


| character machine that looks like a 


skinny typewriter. Stenotypy offers 
| a great advantage manual 
shorthand, in that all users produce 


over 


| identically formed characters, but 
generally stenotypists can’t read 
all of each other’s notes because 
each adds to his “dictionary” of 


meanings forms for unusual or 
frequently encountered words. 


Since one stenotypist usually can- 
not transcribe from the notes of 
another the reporter must tran- 
scribe his own notes, have them 
transcribed by an experienced note 
reader-typist, or dictate the entire 
translation of his notes for tran- 
scription by a typist. 

A variety of reporting methods 
makes use of tape recorders. In 


some jurisdictions the recorded 
tape becomes the legal record, 


others it is used to 
| produce typewritten transcripts. In 
| the simplest system all conversation 
in the court is picked up by a single 
microphone or by several of them 
(placed at the counsel tables, the 
judge’s desk, and by the witness 
chair, for example) connected by a 
mixer to a single-track recorder. A 
log of the names of all speakers and 
the readings of the tape footage in- 
dicator is helpful in producing the 
transcript. A variation of the single- 
track, multimicrophone method is 
to record each microphone on its 


whereas in 
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own channel for easier speaker 
identification and better intelligibili- 
ty. 

Some courts use a “closed 
microphone” system for recording 
their proceedings. In this method a 
trained operator repeats all of the 
proceedings into a microphone 
mounted in an mask, 
which he holds against his face so 
that his voice is confined within the 
mask. Still another system records 
two tracks, from the closed 
microphone and one from an om- 
nidirectional microphone centrally 
located in the courtroom. These 
tapes can be transcribed by typists 
without any aids or editing. 

New and as yet untried for 
recording court proceedings, au- 
dio/video tape recording has the ob- 
vious advantage of identifying each 
speaker and showing his manner 
while responding. Its disadvantages 
are the high cost (about $750 per 
‘week per courtroom) for tape and 
the large space required to store the 
tape transcript. 

The newest and most 
phisticated method of producing 
courtroom transcripts uses a com- 
puter to translate strokes of the 
stenotype keys into the words for 
which they stand. The stenotype 
machine used is modified so that a 
different electrical contact is closed 
when each key is depressed and the 
contact closures are recorded by an 
associated incremental magnetic 
tape recorder. The tape (a reel of 
1/2-inch tape will hold over 2 days of 
courtroom proceedings) is later fed 
into a computer programmed to 
print out textual equivalents for the 
recorded stenotype symbology. For 
this the computer uses a symbol- 
meaning dictionary, a glossary of 
unusual symbol meanings used in 
the session, and a listing of the 


acoustic 


one 


so- 


spellings of names and unusual 
words. 
The errors in the printed-out 


transcript fall into several categor- 
ies: no matches (not found in the 





dictionary or glossary), fingering er- 
rors (for which an incorrect match is 
sometimes found), homographic er- 
rors (resulting from multiple 
meanings of the shorthand charac- 
ters), word boundary errors (occur- 
ring because the machine doesn’t 
know when to stop adding charac- 
ters to form’ valid and 
proper name, format, and malfunc- 
tion errors. In initial experimenta- 
tion the Bureau found the first-run 
error rates for four reporters to fall 
between 5 and 16 percent. 

The computer program flags the 
no-matches by putting asterisks in 
front of and following the trans- 
literated notation. This printout 
must be manually edited to correct 
the flagged errors (no-matches) and 
the more serious unflagged errors. 
If a correct printout is desired, the 
changes are keypunched and read 
into the computer, which prints out 
the clean copy. This process takes 
20-50 times as long as obtaining the 
first printout, due largely to the fact 
that editing progresses at a rate of 
15-45 words per minute. 

continued on page 200 


words), 


Herbert Avram shows how a tape recorder is 
used to record characters keyed on a 
modified stenotype machine. This system can 
be used in computer-assisted transcription of 
court proceedings; the tape is read into a 
computer that prints out the textual 
translation of the notes. 
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The NBS Center for Computer 
Sciences and Technology, under 
P.L. 89-306, is the Federal scientific 
and technical focal point for insur- 
ing that computer services meet the 
needs of the customer. Significant 
activities of the Center are reported 
in this column for the information of 
interested computer customers. 


CONFERENCE ON AUTOMATION 
TECHNOLOGY FOR THE RETAIL 
INDUSTRY 

The National Bureau of Stan- 
dards, Gaithersburg, Md.. was the 
site of a special conference on Auto- 
mation Technology for the Retail In- 
dustry on March 15, 1972. Co-spon- 
sored by the Bureau’s Center for 
Computer Sciences and Technology 
(CCST) and the National Retail 
Merchants Association (NRMA), 
the conference was attended by 250 
representatives of manufacturers, 
users, and suppliers of computers 
and other automated devices. The 
principal objective of the con- 
ference was to give the NRMA an 
opportunity to inform manufac- 
turers and suppliers of computer 
and automated point-of-sale equip- 
ment of the retail industry's require- 
ments for automation technology in 
the areas of merchandise and 
credit-customer identification at the 
point-of-sale. The NRMA also util- 
ized the occasion to describe the 
direction the retail industry is tak- 
ing in developing requirements and 
plans for recommended - stan- 
dardized technology for automated 
merchandise and credit-customer 
identification. 

The conference was the result of 
a cooperative effort between the 


196 


GOST NEWS 


NRMA and NBS/CCST that started 
in June 1971. At that time, the Pre- 
sident of the NRMA asked the 
Secretary of Commerce to provide 
technical assistance in the applica- 
tion of computer and automatic 


reading technology to _ retail 
merchandising. The CCST has 
been assisting the NRMA in 


developing performance guidelines 
for automated merchandise and 
credit-customer identification, and 
in preparing for the establishment 
of related voluntary industry stan- 
dards. The Center is also aiding the 
NRMA in formulating technical 
evaluation criteria for the assess- 
ment of technologies that may be 
applicable to automated merchan- 
dise and customer identification at 
the point-of-sale and source mark- 
ing of retail merchandise at the 
point-of-manufacture. 

In her welcoming remarks, Dr. 
Ruth M. Davis, Director of the 
Center for Computer Sciences and 
Technology, said: ““We view this as 
an extremely valuable meeting with 
important implications for the retail 
industry, the merchandise vendor, 
the consumer, and the manufac- 
turers and suppliers of the ad- 
vanced merchandising systems to 
be used by the retailer.”” She 
stressed the importance of the op- 
portunity NBS has to use its scien- 
tific and technical knowledge to aid 
commerce and increase productivi- 
ty in a most pervasive and impor- 
tant sector of the economy. The pro- 
gram and objectives of the NRMA 
are particularly crucial, she pointed 
out, because they come at a time 
when there is great need to improve 
the quality of services and increase 








productivity in the service sector, 
which is now larger than the goods 
or industrial-production sector of 
the U.S. economy. 

Dr. Davis urged that care be 
taken at the outset to insure that the 
NRMA program will have the 
desired, beneficial impact within 
the retail industry, on the con- 
sumer, and on manufacturers and 
suppliers of the computer, reading, 
and point-of-sale equipment that 
will upgrade _ productivity and 
modernize retail merchandising. 
She called for a program that will 
not constrain trade or commerce, 
stifle competition, or impede in- 
novation in the high-technology in- 
dustries. The nature of the retail in- 
dustry places severe demands on 
any attempted voluntary — stan- 
dardization of the merchandise 
labelling and identification process. 
The standards and implementing 
technologies adopted must serve 
the needs of small retailers as well 
as those of very large department 
store chains. Dr. Davis stressed that 
a solution that would serve only the 
needs of the large retailer but would 
increase the operating costs of the 
small retailer would be unsatisfacto- 
ry. 

In concluding her welcoming re- 
marks, Dr. Davis warned against 
the adoption of courses of action 
that will adversely affect the health 
and viability of the industry that will 
supply thé computers, reading 
devices, and point-of-sale terminals 
needed by the retail industry. She 
urged the adoption of approaches 
that will encourage innovative solu- 
tions to the retail industry’s 
problems and foster equal competi- 
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tive opportunity across the entire 
computer industry. 

Mr. James R. Williams, President 
of the NRMA, described the history 
of the NRMA in fostering scientific 
retailing—a history that stretches 
back to 1911 when the National 
Retail Dry Goods Association was 
established. The NRMA, which 
today represents over 26.000 lead- 
ing department, chain, and special- 
ty stores with estimated combined 
annual sales of over $50 billion, has 
been a leader in focusing the retail 
industry’s attention on the im- 
portance of making effective and in- 
novative use of computer technolo- 
gy. Mr. Williams stated that the big- 
gest job for the NRMA and the 
retail industry still lies ahead—us- 
ing quickly retrieved information to 
reduce inventory, speed turnover, 
lower improve employee 
productivity, and, in the end, serve 
the customers more efficiently with 
an assortment of merchandise best 
fitting their needs. 

According to Mr. William D. 
Power, a partner in the firm of 
Touche Ross and Co., department 
store retailing is confronted by two 
kinds of problems. One has to do 
with systems—a subject that is 
fairly well understood. The other 
goes deeper and affects the busi- 
ness operation itself; the essence of 
the problem is described by the 
word “productivity.” Mr. Power 
noted that “retailing is charac- 
terized as a relatively low-produc- 
tivity industry” in which, for the last 
20 years, payroll expenses devoted 
to non-selling functions have been 
increasing. He said the costs of 
these functions are ultimately borne 
by the consumer in increased prices 
for goods. As the percentage of the 
total effort diverted from serving 
the customer increases, productivi- 
ty declines. In retailing, productivi- 
ty is measured as time spent in serv- 
ing customers’ needs. Mr. Power 
suggested that increased automa- 
tion is one way of dealing with the 
productivity problem. 


costs, 


August 1972 


Mr. Power, speaking as one of the 


original members of the NRMA 
Systems Specifications Working 


Committee, said: “Retailers have 
two choices—one is to allow manu- 
facturers of computers and other 
business machines to develop 
equipment and systems which they 
think can be applied to retail 
problems. The other is to influence 
the direction of development in 
these areas by presenting require- 
ments of the industry against which 
manufacturers can design and build 
equipment and develop software. 
The former course can impede 
progress and be expensive beyond 
any comparisons to levels 
which have been experienced up to 
now. The latter course is the only 
logical one to follow.” 

Mr. Power gave the following as 
examples of problems requiring un- 
derstanding and cooperation 
between retailers and equipment 
manufacturers: 

1. On-line Systems: These will 
have a broad impact on business 
operations and ought not be un- 
dertaken without careful definition 
of requirements and necessary stan- 
dardization. 

2. Communications: The depen- 
dence of real-time systems on com- 
munications makes this an area 
where retailers, hardware manufac- 
turers, and the communications in- 
dustry must work together to 
resolve problems and facilitate in- 
terchange. 

3. Merchandise Ticketing: This 
area will undergo major changes in 
the next decade. The major thrust 
will be toward the use of reading 
technologies, which will make it 
possible to identify merchandise for 
sales recording and other purposes 
without detaching tickets or other 
pieces of paper. 

4. Source Marking: There is 
much work to be done here in 
providing an orderly transition to 
the future from the work NRMA has 
already done in vendor pre-ticketing 
of merchandise. The problem en- 


cost 


compasses the areas of magnetics, 
optics, bar coding, character recog- 
nition, etc., and requires a voluntary 
consensus on the details. 

5. Software: The cost of produc- 
ing software for the kind of systems 
being considered is great enough to 
require industry’s cooperation in 
order to take advantage of “econo- 
mies of scale’ and avoid costly 
redundancy and duplication of ef- 
fort. 

6. Terminals: To avoid costly, un- 
productive investment by manufac- 
turers, an effort should be made to 
reach a common understanding of 
the requirements for terminals that 
will be needed as the complexity of 
retail systems increases. 

7. Checkless Society: The move 
toward electronic-funds — transfer 
will require an electronic interface 
between the retail industry and 
other industry; this will involve the 
whole area of  credit-customer 
identification. 

Mr. Robert Capone, Chairman of 
NRMA’s Systems Specifications 
Working Committee, described the 
Committee’s purposes as: (1) to 
examine potentials and probable 
courses of future development of 
automated retail store management 
methods, and _ technolo- 
gies; (2) to identify areas of possible 
commonality and interchangeability 
of methods or techniques of ADP 
that would enhance productivity; (3) 
to effect close liaison with equip- 
ment manufacturers and make 
known the retail industry’s needs; 
and (4) to propose voluntary stan- 
dards. 

NRMA’s | overall 
retailing problems was described by 
Mr. David Kratz, former Chairman 
of the Systems Specifications 
Working Committee. He detailed 
activities under four discrete task 
forces: Merchandise Identification, 
Customer Identification, 
Marking, and Terminal Systems. 

Mr. Irving I. Solomon, NRMA 
Vice President and Manager of the 

continued on page 200 
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ABSOLUTE RADIOMETRY 


Absolute radiometry is the field 
of radiometric measurements in 
which radiant power is measured by 
comparison with electrical power. 
This is achieved by using a specially 
designed detector (electrically 
calibrated detector) that has a 
heater built into its receiver. The 
appeal of this technique is the rela- 
tive ease of making highly precise 
and accurate voltage and current 
measurements. 

Historically, the interest in ab- 
solute radiometry was centered on 
the direct determination of the 
Stefan-Boltzmann constant, and in- 
directly, Planck’s constant. Early 
work (before 1915) showed very 
poor agreement (~ 15 percent); 
from 1915 to 1928, the agreement 
improved (~5 percent), but. still 
not to within the estimated uncer- 
tainties of the various investigators. 
In 1929, Birge published the first 
critical review of the atomic con- 
stants. He showed that the value of 
the Stefan-Boltzmann constant 
measured before 1920 by Coblentz. 
agreed with that calculated from 
measured values of the Boltzmann 
and Planck constants to within 0.1 
percent. This was satisfying. since 
Coblentz’s investigation was one of 
the most thorough available at that 
time, and because Coblentz had 
estiinated his final value to be accu- 
rate to within a few tenths of 1 per- 
cent. However, the satisfaction was 
short-lived, because soon after 1929 
1 percent errors in both the Boltz- 
mann and Planck constants were 
uncovered. The net result was a 1 
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percent difference between 
Coblentz’s value for the Stefan- 
Boltzmann constant, and that calcu- 
lated from the other two atomic con- 
stants. Redeterminations of the 
Stefan-Boltzmann constant were 
performed in the 1930's but resulted 
in discrepancies larger than 1 per- 
cent. The interest and faith in ab- 
solute radiometry ran at a low ebb 
for 20 years starting around 1937. 
However, within the last 15 years 
there has been a renewed interest in 
this field due to advances in materi- 
als and instrumentation, as well as 
new aerospace, meteorological, 
medical, and other requirements for 
measurements’ that are _ not 
adequately handled with existing 
techniques. Very recent experimen- 
tal determinations of the Stefan- 
Boltzmann constant by Kendall and 
Berdahl,' and Blevin and Brown? 
agree to within their estimated 
limits of error of 0.3 percent and 
0.15 percent, respectively, with the 
theoretical value computed from 
the best values of c, h, and k. 

A detailed analysis of the errors 
inherent in electrically calibrated 
detectors used in _ absolute 
radiometry is the topic of the first 
issue of the new Technical Note Se- 
ries called Optical Radiation Meas- 
urements which is now available.* 
The emphasis is upon developing a 
detailed theory that can be used as 
the basis for the measurements of 
corrections for these errors. An ex- 
ample of the application of this 
theory to a radiometer that was 
used in the Third International Pyr- 
heliometer Comparisons is also 
described. Some of the material 





presented in the Technical Note is 
summarized below. 

The usual way of using an electri- 
cally calibrated detector is to al- 
ternate between periods of radiant 
and electrical heating of the 
receiver. During this process the 
current through the receiver heater 
is continuously adjusted until the 
temperature difference between the 
receiver and its thermal environ- 
ment is the same during electrical 
heating as during radiant heating. 
When this equivalence is reached, 
the ratio of the radiant power, P,, in- 
cident on the receiver to the electri- 
cal power, P,, dissipated in the 
heater is given by 

P,/P. = 1+C,+C,+C,;+C,+C;, 
where C, through C; are normalized 
correction terms, each of which can 
be measured in a separate experi- 
ment. The first three are cor- 
rections for errors that involve an 
imperfect sensing by the receiver of 
the power that it is supposed to 
sense, whereas the last two involve 
a sensing by the receiver of power 
that it is not supposed to sense. 

More power leaves the receiver 
as electromagnetic radiation when 
it is heated by irradiation than when 
it is heated electrically. This is 
caused by two separate sources of 
error each involving the high-ab- 
sorptance coating of the receiver. 
First, it does not absorb all of the 
power that is incident on it but in- 
stead loses some fraction of this 
power by reflection. Second, a sub- 
stantial temperature gradient must 
exist across the coating when it is ir- 
radiated in order to conduct the ab- 
sorbed power to the receiver, and 
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this causes it to emit more radiation 
than it otherwise would. C,, which 
is called the reflectance plus excess 
emittance correction, is the cor- 
rection for these two effects. 

More power leaves the high ab- 
sorptance coating by air conduction 
and convection during radiant heat- 
ing than during electrical heating, 
also due to the temperature 
gradient across the coating. Co, 
which is called nonequivalent air- 
conduction correction, is the cor- 
rection for this effect. 

The receiver is not uniform in 
response to power inputs from dif- 
ferent locations over its surface. Cs, 
which is called the uniformity of 
responsivity correction, is the cor- 
rection for this effect. 

Most of the radiant flux that is in- 
cident on the detector does not 
enter its aperture, but instead is in- 
cident on its case. Ideally, the in- 
strument should not respond to this 
flux, but in actual practice it does, 
at least to some small extent. C4, 
which is called the case heating cor- 
rection, is the correction for this ef- 
fect. Similarly, C;, which is called 
the lead-heating correction, is the 
correction for the response of the in- 
strument to the power generated in 
the heater leads during electrical 
heating. 

The table below is a summary of 
the measured correction terms and 
estimated limits of error for one ab- 
solute detector used in the Third In- 
ternational Pyrheliometer Com- 
parisons. 

The derivation of the above equa- 
tion, a detailed analysis of the cor- 
rection terms, and a description of 
experimental techniques that can 
be used to measure them are all 
described in the previously men- 
tioned Technical Note.* 








LIMIT 

TERM CORRECTION OF ERROR 

C, + 0.0038 + 0.0021 

C, + 0.0005 + 0.0018 

C; + 0.0010* + 0.0010 

Cy — 0.0033 + 0.0002 

C; + 0.0002 + 0.0004 
“Estimated 
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SECOND CORM MEETING 

Sixty-two representatives of the 
electro-optics industry, Government 
agencies, and universities met on 
May 15 at NBS to develop a consen- 
sus on pressing problems and pro- 
jected national needs in radiometry 
and photometry. This second meet- 
ing of the Council for Optical Radia- 
tion Measurement, took place under 
the chairmanship of Robert Watson 
of EG & G. 

Before beginning work on the for- 
mation of a consensus, the Council 
heard reports from NBS that 
aroused exceptional interest. Dr. H. 
J. Kostkowski, Chief of the Bu- 
reau’s Optical Radiation Section, 
described parts of the new NBS pro- 
gram dealing with improvement of 
present and development of new 
standards. Much of this develop- 
ment will require a major expansion 
proposal for FY 1974. The new 
calibration policy in radiometry and 
photometry (June issue of the NBS 
Technical News Bulletin) was also 
discussed. Finally, David Goldman 
spoke on some of the intricacies of 
contemporary program planning 
and justification. His remarks pro- 
vided background that will enable 
the Council to state its convictions 
with greater force and impact. 

The Council prepared its report 
of consensus in parallel sessions 
on: A. Sources, B. Detectors, and 
C. Techniques and Dissemination. 

Within each of these general 
problem areas the discussion 
focused on three distinct facets: 


1. Present standards: need for 
improvement and detailed descrip- 
tions of techniques for their genera- 
tion. 

2. New standards and _ tech- 
niques: extension of measurements 
to dissimilar measurement objects. 

3. Traceability: agreement among 
laboratories. 

One important emphasis of the 
final CORM report will be the 


identification of the impact of 
problems in optical radiation mea- 


surement. The establishment of pri- 
orities for future work addressed to 
these problems will depend largely 
on this impact. The Council discus- 
sion also emphasized the identifica- 
tion of common elements among the 
various seemingly dissimilar techni- 
cal problems. Priorities with 
respect to these common threads 
will be easier to establish than 
among specific problems. 

The Optical Radiation Section 
will prepare a written reply to the 
CORM report, now being 
completed, on _ its consensus 
achieved through discussions over 
the past few months. The report, 
reply, and its effect on the NBS pro- 
gram will be discussed at the next 
CORM meeting, October 16-17, 
1972, in San Francisco. This meet- 
ing will be held in conjunction with 
the Optical Society of America 
meeting, October 17-20, which will 
be featuring a Symposium on 
Radiometry. Those wishing to at- 
tend this Council meeting should 
write or call: 

Dr. Bruce Steiner 

A311 Metrology Building 
National Bureau of Standards 
Washington, D.C. 20234 
(301-921-2113) 


RADIOMETRY AND PHOTOMETRY 
CALIBRATION FEES 


It has not been possible to 
establish fees for the new basic and 
gage calibrations (see Optical 
Radiation News in June 1972 TNB) 
in time for this issue. However, the 
new fees will be published in a sup- 
plement to NBS Special Publication 
250 available from the Superinten- 
dent of Documents, U.S. Govern- 
ment Printing Office, Washington, 
D.C. 20402. Price is $2. 


' Kendall, Sr., J. M, and Berdahl, C. M., Two 
blackbody radiometers of high accuracy, Applied 
Opitics 9, No. 5 (1970). 

? Blevin, W. R., and Brown, W. J., A precise meas- 
urement of the Stefan-Boltzmann constant, Met- 
rologia 7, No. 1 (1971). 

3 Geist, J., Fundamental Principles of Absolute 
Radiometry and the Philosophy of this NBS Program 
(1968 to 1971), Nat. Bur. Stand. (U.S.) Tech. Note 594-1, 
available as SD Catalog No. C13.46:594-1 from the Su- 
perintendent of Documents, U.S. Government Printing 
Office, Washington, D.C. 20402. Price is $2. 
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Information Systems Division, 
presented detailed plans for 
cooperative development of volun- 
tary standards. He enumerated six 
milestones for achieving a common 
technology or compatible technolo- 
gies for merchandise and customer 
identification. 


—The review of merchandise- 
identification functional require- 
ments with the manufacturing in- 
dustry—a _ milestone that 
reached at the March 15 con- 
ference. 


was 


—Finalization of performance 
guidelines during the _ third 
quarter of 1972. 

—Development of technology 


evaluation criteria during the 
fourth quarter of 1972. 
—Assessment and evaluation 


of identification technologies by 
the second quarter of 1973. 

—Completion of engineering 
specifications during the summer 
of 1973. 

— Initial promulgation of 
NRMA’s_ voluntary standard 
during the fourth quarter of 1973. 


Mr. Solomon summarized the 


NRMA-developed 
quirements _ for 
identification: 

1. Conversion to the new NRMA 
standard. 

2. Identifier: must be both 
human and machine readable; must 
permit the retailer to add or alter 
data in machine-readable form; 
machine-readable message must be 
self-checked for complete content; 
and identifier must be capable of 
handling at least as many charac- 
ters as are now available in source- 
marking standards. 

3. Identifier Maker: must be 
adaptable to computer control of in- 
put, in addition to manual setting 
capability; must have sufficient in- 
ternal checking capability to assure 
accuracy of data; should have full 
alphanumeric capability but must 
have limited alpha in addition to full 
numeric capability. 

4. Identifier Attachment: must 
be capable of multiple methods of 
attachment and be an integral part 
of the package or merchandise. 

5. Identifier Reader: must have 
ability to machine read and auto- 
matically process the identifiers on 
a batch basis; must machine read 


functional _ re- 
merchandise 


the identifier at point-of-sale, 
whether or not it is attached to the 
merchandise; should read _ the 
identifier with a hand-held reader 
connected to a stationary or mobile 
data collector at the point-of-sale or 
other location. 

6. Reliability: ought to be of the 
highest order. 

7. Security: it must be obvious 
when unauthorized changes are 
made to the data on the merchan- 
dise identifier. 

8. Cost: should be competitive 
with current total system costs. 

The conference was a successful 
first step toward realizing the 
NRMA’s goal of using technology to 
increase productivity in the retail 
industry and improve the quality of 
services provided to the consumer. 
It opened the door to a broad pro- 
gram of interchange between the 
retail industry and the manufac- 
turers and suppliers of the equip- 
ment and technology that are essen- 
tial to a cost-effective moderniza- 
tion of retail merchandising. NBS 
and NRMA are already planning 
further meetings and conferences to 
implement the next steps in the 
overall program. 





COURT continued 
FINDINGS 


The systems analysts conducting 
the study came to several conclu- 
sions that will be helpful to courts 
having transcript problems. The 
decision of what systems to use 
should be based on the relative cost 
for each system to produce a 
specified volume of transcript 
within a given time following the 
court session. The personnel cost is 
the major constituent of the cost for 
each of the systems. 

Under the conditions of the test, 
the computer-assisted system was 
the costliest of the systems tested, 
requiring that the stenotypists be 
trained and that they spend much 
time out of court editing the print- 
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out. However, the analysts believe 
that this system can be con- 
siderably improved by training the 
stenotypists to use standard prac- 
tices and by employing more ad- 
vanced editing techniques. The im- 
proved system would be especially 
attractive to jurisdictions having a 
large transcript volume, in that it 
becomes more cost effective with 
increasing volume; for some ju- 
risdictions it may offer the only 
possible way of keeping up with the 
demand for transcriptions. 

It is most important for a court to 
analyze its transcript needs and to 
compile restrictions on the system 
used. Many jurisdictions, for exam- 
ple, for legal or traditional reasons, 
have an original transcript typed 
with carbon copies, which the re- 


porter can sell. However, the needs 
of the court could be satisfied as 
well by the cheaper xerographic or 
photographic copies of the typed 
transcripts, or perhaps of the first 
computer-assisted printout with 
certified hand corrections. 

The analysts particularly state 
that no jurisdiction should assume 
that a single transcript-producing 
method is best for all of its courts. 
Low-volume courts, especially, may 
find less sophisticated systems 
better for them and combinations 
of systems may offer maximum 
savings for the jurisdiction. 


' Short, E. H., and Ruthberg, M., A Study of Court Re- 
porting Systems, Volume |: Decision Factors, Nat. Bur 
Stand. (U.S.) Report, available from E. H. Short, B360- 
Metrology, National Bureau of Standards, Washington, 
D.C. 20234. The full report is comprised of four 
volumes, plus an Executive Summary. 
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